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© Wear resistant coating for sharp-edged tools and the like. 

© A method is described for improving the erosion 
and abrasion resistance of a sharp edged metal 
structure, A base layer of a noble metal is formed on 
the, surface of the body of the structure followed by 
a chemical vapor deposited outer coating comprising 
a , mixture of tungsten and tungsten carbide. The 
tungsten carbide is selected from the group consist- 
ing of W 2 C, W 3 C, and mixtures thereof and is fine 
grained, non-columnar .. and having a substantially 
layered microstructure Also described is a sharp 
edged metal structure forrrted by the method. 
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WEAR RESIST 



COATING FOR SHARP-EDGED TOOLS ANWRE UKE 




This application is a Continuation-in-Part of 
U.S. Application Serial No. 07/092,809, . filed Sep- . 
tember 3. 1 987 and U.S. Application Serial No. 
07/1 53,738, filed February .8, 1 98a 

this invention relates generally to sharp edged 5 
metal structures such as cutting tools or the like in 
which a sharp edge is defined by qne or more 
surfaces of a metal, body. More particularly,, the 
invention relates to a method for improving the 
abrasion, erosion and w^ar resistance of sharp io 
edged metal structures, and to a sharp edged 
metal structure having improved erosion and wear 
resistance* 



BACKGROUND OF THE INVENTION 
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Sharp edged metal structures, such as cutting 
tools, are typically corriprised of a body having a 20 
sharp edge defined by at least one surface of the 
body. For example, a punch typically has a sharp 
edge or point defined by a conical surface. Other 
sharp edges may be linear or curved and be de- 
fined, by the intersection of two or more surfaces. 25 
Fn some cases, such as the case of forming tools, 
the surfaces may be of irregular contour. In other 
cases, such as in the' case of drills, the surfaces 
may be of a uniform contour. ; 

Many techniques have been employed for 30 
lengthening the life of cutting tools. Such tech- 
niques include the manufacture of the tool out of a 
long, life material such as • high speed steels or 
cemented tu ngsterV 1 - carbide. ^ Surface - hardening 
techniques used to improve tool life such as case 35 
hardening- have been' commonly applied; but such 
techniques do not provide sufficient improvement 
in tool life to meet the current needs of industry. 1 
Hard coatings such as chemically vapor deposited 
titanium carbide- and titanium nitride have also. 40 
been tried with nb success because of the deg- , . 
radation of the mechanical properties and deforma- . 
tiqn of the parts by;:Hgh temperatures (-900 ° C) ',. 
used during the; deposition process. 

The therrnpchemically deposited coatings de- 45 
scribed in l£s. Patent No. 4,008. 976 issued Feb- . 
ruary 22, 1977 to Hqizl have also been tried to 
prolong the ^ol ; life. In that patent, a coating of.... 
very substantial thickness is deposited on a tool . 
body and a butting edge is subsequently machined so 
in the deposited layer;. Unfortunately, machining of 
such high hardness material may be difficult and 
may, in many instances, undesirably increase the 
cost of the tool/; Although very thin coatings of this 
nature have also been attempted on cutting tools 



and the like, such coatings have not been success- 
ful. This is because, in many instances, deposition 
of such coatings requires very high temperature, 
causing degradation of the mechanical properties 
and deformation of the. Dr^erenTOsJa coeffi- 
cients of thermal expansion between the substrate 
and the coating also results in. pgpr cpating adhe- 
sion. 

U.S. Patent No. 4,1 62,345, issued July 24, 
1979 to Robert A. Hol.zi.. discloses a method for 
producing deposits characterized by a structure 
which is free of columnar grains and instead con- 
sists essentially of ftne r equiaxiai : grains. These 
deposits have unusually high hardness and tensile 
strength. However, the Holzl '345 patent discloses 
use. of temperatures ; varying from 650°C to 
1,100°C, which are high enough to degrade the 
mechanical properties and deformation (or me- 
chanical distortion) of metallic substrates. The ma- 
terial of Holzl '345 patent is a hard metal alloy, 
consisting primarily of tungsten and carbon. X-ray 
diffraction analysis of the '345 alloy shows that the 
deposit is akin to tungsten but with a very finely 
dispersed carbide, probably in the form of WC. 

. U.S. Patent No. 4.427.445, issued January 24, 
1984 to Robert A. Holzl, et al. also discloses a hard 
fine grained material which can be produced by 
thermochemical deposition, but at' temperatures 
lower than those described in the example of the 
'345 patent. Thus, where there are large differ- 
ences in the thermal coefficients of expansion be- 
tween the substrate , material and the coating ma- 
terial, the '445 methodology reduces adhesion 
problems and problems associated with mechani- 
cal distortion, metallurgical transformation or stress . 
relief of the substrate,. The material of the '445 
Holzl, et al. patent is a tungsten carbon alloy con- 
sisting primarily bf a two phase mixture of substan- 
tially pure tungsten and an A15 structure. 

U.S. Patent No. 3.368,914, discloses a process 
for adherently depositing tungsten carbide of sub- 
stantial thickness on Steel and other -metal sub- 
strates. The process involves first diffusing another 
metal on the surface of the substrate to relax the 
thermal expansion coefficient zone of the metal 
substrate The carbide coating is then deposited on 
the diffused surface by CVD The process claims it 
is preferable to diffuse the metal forming the car- 
bide into the substrate. In one embodiment of the 
claimed, process, a thiiri layer of tungsten is depos- 
ited on the metal surface using 600-iObO?C tem- 
perature. After coating tungsten, the temperature is 
increased to approximately 1 000-1 200°C and held 
there for a significant period of time to permit 
diffusion, of tungsten into the metal. The diffused 
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surface is then coated with t^^en carbide using 
WF 6l CO and H 2 . In the alternative embodiment a 
pack diffusion technique is used for achieving diffu- 
sion of tungsten into metal. Temperature ranging 
from 1 000-1 20G°G is . used in the pack diffusion 
step. The diffused, metal.. surface, is, then coated 
with tungsten carbide. Since a tempjerature ranging 
from 1000-1 200 " p. is used during the process, the 
'914 process is not suitable for providing erosion 
and wear resistance coatings on various metallic 
substrates without severely distorting and degrad- 
ing their mechanical properties. • 

U.S. Patent No. 3,389,977, discloses a method 
of depositing substantially, pure tungsten carbide in 
the form of W 2 C, free from any metal phase. Pure 
W 2 C is deposited on a substrate by reacting WFs 
and CO. The substrate is heated to a temperature 
in excess of 400°C. The adherence.of W 2 C to steel 
is improved by first cleaning the surface and then 
depositing with a thin film of tungsten ..followed by 
W 2 C using a temperature ranging from 600- 
1000°C; Since initial, deposition of tungsten is con- 
ducted at or above 600°C. the '977 process is not 
suitable for providing erosion and wear resistance 
coating on various carbon steels/ stainless steels, 
• nickel and titanium alloys without severely degrad- 
ing their mechanical properties. Additionally pure 
W 2 C deposited according to the teachings of the 
'977 patent consists of columnar grains. The '977 
patent does not describe a process for depositing 
W 2 C coating in non-columnar fashion. - > 

■ U.Si Patent No. 3,574,672 discloses a process 
for depositing W 2 C by heating a ^ubstrate to a 
-temperature between 400-1 300°C. The process de- 
scribed in this patent is essentially th$ same as 
disclosed, in U.S. Patent No. 3,389,977. 

U.S. Patent No. 3.721 ,577 discloses a process 
for depositing refractory metal or metal, carbides on 
ferrous and non-ferrous base materials heated to at 
least 1050°C. The metal carbides. ; t are deposited 
using halide vapors of .the metal along , with meth- 
- ane and hydrogen. . 

U.S. Patent No. 3,814,625 discloses /a process 
for the formation of tungsten and : molybdenum 
carbide ; by = reacting i a mixture pf ? WF 6 or MoF 5 , 
■ benzene, toluene .. or ^xylene., and hydrogen. The 
! process is carried out .under atmq^pheric pressure 
;-and temperatures - ranging from 400r1000°C. An 
v atomic ratio of. W/Q in the, gaseous mixture varying 
•from T to 2 is required to yiejd. W2C; The process 
y. also, . suggests that for some substrates such as 
: mild steel, it is advantageous;, in, providing better 
. adhesion to deposit a layer .of nickel. or cobalt prior 
to . tungsten carbide deposition. The process also 
claims the formation of a mixture of tungsten and 
tungsten carbide in the. presence of large propor- 
tions of free hydrogen. The mixture of. W and W 2 C 
coating deposited ^according to the teaching of the 



'625 patent consi^^v columnar grains. The T 625 
patent does not di^^e a process for depositing a 
mixture of W and W 2 C in non-columnar fashion. 
British Patent 1,326,76.9 discloses a method for 

s the formation of tungsten, carbicte by reacting a 
mixture of WFs. benzene, toluene or xylene and 
hydrogen under atmospheric pressure and tem- 
peratures ranging from 400^1 P00°C. The process 
disclosed in this patent is essentially the same as 

70 disclosed in U.S. Patent No. 3.814,625. 

British Patent No. 1,540,718. discloses a pro- 
cess for the formation of yy 3 C using a mixture of 
WF Sl benzene, toluene or xylene; ;;md^. hydrogen 
under sub-atmospheric pressure, and temperature 

75 ranging from : 350-500 6 C. An atomic ratio of W/C in 
the gaseous mixture varying frorn 3-6 is required to 
yield W 3 C. The coating deposited according to the 
teaching of British Patent 1,540,71 8 consists of 
columnar grains. The British '718 patent does not 

20 teach a process for depositing a snoh-columnar 
coating. 

Although the methods of the Holzl patents cited 

. above have been useful in producing fine-grained 
tungsten/carbon alloys containing mixtures of W 
25 , and WC, and W and A1 5 structure/and the meth- 

.. . ods described , in other cited patents have been 
successful in producing colurnnar W3C or W 2 C or 
mixtures of W and W 2 C, no one has yeit disclosed 
a method, for producing extremely hard, fine- 

30 grained,, non-columnar tungsten-carbon alloys with 
. substantially layered miprostructure containing mix- 
. tures of tungsten and tungsten carbide -in the form 
pf W 2 C or W 3 C or a mixture, of W 2 C and W 3 C. 
Such alloys would be especially useful since the 

35 presence of W 2 C and/or W3C in non-columnar and 
substantially layered microstructure would contri- 
bute to both the hardness and the tensile strength 
of the deposited materials 

In co-pending US. Application Serial No 

40. 07/092,809, a method and coating :are described 
comprising a non-columnar ; fine grained, and hav- 
ing a substantially layered microstructure deposit 
of tungsten carbide in the form W 2 C. W 3 C or 
mixtures of W 2 C and W 3 C. In co-pending U.S. 

45 . . Application Serial No. 07/1 53,738 such coatings are 
described in which an intermediate layer of sub- 
stantially pure tungsten is used between the sub- 
strate and- the tungsten carbide outer layer to con- 
fer additional erosive, abrasion and wear resistance 

so characteristics on the composite, coating system. 
The present invention is an improvement on such 
prior described coating systems wherein such sys- 
tems are applied at low temperatures to a sharp 
edged metal structure such as a cutting tool or the 

55... like, wmd^vdij^rtng. deforming and degrading 
their mechanical properties. It has been found that 
by controlling the. thickness of such coating sys- 
y terns, they .can. be applied without significantly ai- 
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tering the, original machined cSH^iration of the 
sharp, edged metal structure, it has also been 
found that ,syqh coating systems can confer sub- 
stantial abrasion, erosion and wear characteristics 
on such structures.. / 

QESbRlP^QN OF THE DRAWINGS 

Figure 1, is a quarter section view of a single 
point cutting tool of a type to which the invention is 
applicable 

Figure 2 is a full section view of another type 
of cutting tool to which the invention is applicable. 

Figure 3 is a full section greatly enlarged 
view illustrating a coating system constructed in 
accordance with the invention. 

SUMMARY OF THE INVENTION 

Very generally, the invention improves the ero- 
sion and abrasion wear resistance of sharp edged 
metal structures, such as cutting tools and the like. 
The surface or surfaces which define the sharp 
edge are provided with a base layer of a noble 
metaJ having a thickness sufficient to protect the 
surface against cbrrosion during chemical vapor 
deposition, this is followed by the chemical vapor 
deposition of an outer cdating comprising a mixture 
of tungsten and tungsten carbide in the form VV2C, 
W3p y or mixtures of W 2 C and W 3 C. The outer 
coating is fine-grained, non-columnar and has a 
substantially layered micro^tructure with a thick- 
ness selected to confer the desired erosion and 
abrasion wear resistance on the sharp edge, while 
retaining the desired sharpness An interlayer of 
substantially pure tungsten may be provided by 
chemical, vapor disposition technique between the 
base layer and the outer coating to improve adhe- 
sion and performance. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now particularly to Rgure 1, a sharp 
edged metal structure comprising a single point 
cutting tool, such as a punch, Is shown in quarter 
cross section The structure includes a generally 
cylindrical tool body 11 which tapers to a cutting 
edge, or point 13 defined by a conical surface 15. 
The conical surface is. provided with a highly ero- 
sion and abrasion wear resistant coating system 17 
on the surface 15 The coating system 17,. de- 
scribed with paLrticularity below, extends over the 
point 13 arid confer^ . longer tool life as a result .of 



high erbsion and abrl^^wear resistance. 

; Referring to Rgure 2, another type of sharp 
edge : metal structure is illustrated. Rgure 2 repre- 
sents : v a full cross-section of a» cutting tool in which 
s a linear sharp edge 21 is defined by two intersect- 
ing planar surfaces 23 and; 25 of a tool body 27. 
Both surfaces 23 iand 25 are provided with a highly 
erbsidH' and abrasion wear r resistant coating 29 
which covers the edge 21 to provide improved tool 

70'-' life. :--'■> • " >;-.-, . • 

* : It will be apparent :to those skilled., in -the art, 
particuiariy from the discussion set forth below, that 
coating systems in accordance with the invention 
may be provided on other types of sharp edged 

75 metal structures in addition to those shown in Rg- 
ures 1 and 2. Thus, the structures illustrated in 
Rgures 1 and 2 are for the purposes of illustration 
only and are not meant to restrict the invention to 
the particular configuration shown. The invention is 

20 applicable to other types of sharp edged metal 
structures; such as drills, forming tools, knives, 
sharpening blades, saw blades, reamers, and the 
like. " 

Referring now to Rgure 3, a preferred form of 
25 the coating system illustrated as 17 in Rgure 1 and 
as 29 in Rgure 2 is illustrated. The tool body is 
^represented as 31 and a coated surface thereof is 
illustrated at 33. The coating system is illustrated 
'• generally at 35.' ; - ! " 
30 ]■ In Rgure 3, the coating system is comprised of 
. a base layer 37 of a noble metal. -The nob metal 
may be of any suitable type, such as nickel, cobalt, 
copper, silver, gold, platinum, palladium, irndium, 
and mixtures thereof and 1 may be deposited by 
35 ^ suitable technique, such as by electrochemical de- 
position, or physical vapor depo- 
sition-such 1 as sputtering.' The thickness of the base 
• layer 37: is selected to be sufficient to protect the 
part •from the -attack of corrosive, gases typically 
4d : - generated during the chemical vapor deposition 
process; The required thickness will be determined 
by the nature of the substrate and: the. deposition 
conditions utilized in the chemical vapor deposition 

' :: " process.- -^V.^- -: ' 

45 Following formation of the base layer 37, an 

outer coating 39 is provided. In some, cases the 
coating 39 may be provided directly on the base 
layer 37. In other cases, however, an interlayer 41 
may also bie provided interposed between the base 
"'so ■• . layer 37 : arid : the outer coating 29. Ther interlayer is 
comprised of substantially .pure tungsten and is for 
the : purpose of providing good - adhesion between 
- ' the outer coating and the base layer and to further 
.improve the erosion and abrasion wear resistance 
ss'; ' of the coating system: Both, the interlayer 41 and 
the outer coating 39 are sdeposited by chemical 
vapor deposition. ' 

The outer coating 39 comprises a mixture of 
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tungsten and tungsten cart^^JThe tungsten car- 
bide may be W 2 C, W 3 C, or a mixture , of W 2 C and 
W 3 G. The coating 39 is fine grained, non-columnar 
and has a substantially layered ^microstructure and 
a thickness sufficient to provide the desired, degree 
of. erosion, and. abrasion .wear resistance. This de- 
sired degree will depend upon the configuration of 
the; sharp edged metal : structure; ^d the use for 
which . the sharp edged , metaJ • structure is em- 
ployed. The thickness: of the coating system 35 
must, of course, be less than would seriously de- 
grade the cutting performance of the sharp edge. 

^he manner in which such coating is achieved 
is described , in detail in co-pending U.S. Patent 
Applications Serial No. 07/092,809, filed 3 Septem- 
ber 1 987 and U.S. Application Serial No. 
07/153,738, filed 8 February 1988. The respective 
disclosures thereof are incorporated herein by ref- 
erence. In both those cases, composite coating 
systems of the type described herein are set forth 
in detail along with the manner by which such 
coatings are produced. 

i The thickness of the coatings, as described 
above, will vary depending upon the conditions and 
purpose for which the sharp edged metal structure 

is USed. ^ ;. : ; * ' 

It is preferred, however, that the coating sys- 
tem comprise,- a base noble metal , layer having a 
thickness between about 0.05 microns and about 2 
microns, and an outer coating having, a ; thickness 
between about. 1 mjcroa and about, 5 microns. In 
the event an -interlayer 4t is employed, it is pre- 
ferred that, the interlayer be, of a thickness in the 
range from about 0.05 microns to about 5 microns. 

EXAMPLES 

For the purposes of further illustrating the in- 
vention.^the following examples are provided: 

r Example 1 

Seven 1/8" x 1/8" x 6" long lead pointer blade 

. sticks made of steel were provided with the hard 
coating system described above. The sticks were 
first plated with -1um thick base layer of nickel 
using electrolytic plating technique. They were then 
placed in an inductively heated graphite furnace 

. inside a, gas-tight , quartz envelope and heated to 
-460"C in, the presence of fioyying . argon gas. At 

: that temperature, a gaseous , mixture of 125 seem 
.'of WF 6 , 1,250 seem of hydrogen,, and 11,900 seem 
r - . of argon, was. passed., into.. the furnace over, the 
specimens , for, 5 minutes to coat them . with tung- 

:.. sten. After coating* the specimens with tungsten for 



5 minutes, a ga^^B mixture of 300 seem of WF 5( 
3,000 seem of 1^^,500 seem of argon, and 95 
seem, of DME (dimethylether) was passed into the . 
i^rnace r r.for .i?Q • '"Vtninutes to ; provide a 

s tungsten/tungsten carbide coating, A total pressure 
was maintained at 40 torr during tungsten as well 
as tungsten/tung sten carbide coating steps J 

The sticks were coated with 3 to 3.5 um thick 
interlayer of tungsten followed by 4.8 to 5.4 urn 

io thick hard tuhgsten^ungsten carbide coating. Addi- 
tionally, the coated sticks retained the sharp edges. 

Example 2 

75 

A lead pointer blade stick coated, as in Exam- 
ple 1 was cut into several -1/2" long sections. Four 
of these -1/2" long sections were used in a draft- 
ing pencil sharpener. The sharpness of the blades 

20. was. determined, by monitoring the feed rate of hard 
drafting pencil lead to the sharpener, in the case of 
the blades which were uncoated but hardened, the 
feed rate decreased by feeding only 1-2 sections 
of 2 M long hard lead. The decrease in the feed rate 

25 was indicative of blunting of the sharp edges. In the 
case of the coated blades , no decrease in the feed 
rate -was observed even after feeding 3 sections of 
2" long hard lead. This indicated "that the coating 
did not .degrade the sharpness of the edges. Addi- 

3d tipnally, it indicated that the coating helped in re- 
taining sharpness of the edges longer. 

; Example 3 / 

35 .' ...'.x. .,.yj''; v.'?'.'"'' 

Another lead pointer blade stick coated in Ex- 
ample 1 was cut into several -1/2" long sections. 
Four of these -1/2" long sections were used in' a 
drafting pencil sharpener and tested for longevity. 

40 Again, several 2" long hard lead sections were fed 
to the sharpener to establish the .useful . life. The 
test results showed that the coating increased the 
life of the blades by an order of magnitude. The 
results also showed that the tungsten/tungsten car- 

45 bide coating increased the life by 4 to 5 times over 
blades coated with hard chrome. The test results 
therefore demonstrated the superior performance 
of the coated blades over uncoated but hardened 
ones and those coated with hard chrome, 

so - \ ^..\^\fp'';^ e •' ' • 

Example 4 

Several 1/8" x 1/8" x S'Mong.lead pointer blade 
55 sticks are : provided with a hard coating according 
"to the invention. The sticks are first plated with -1 
ILm thick nickel using electrolytic or electroless 
technique. Th& sticks are then placed in an indue- 
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tively heated graphite furnace irilllS a gas-tight 
quartz envelope and heated to ~46Q°C in the pres- 
ence of flowing argon gas. At the temperature a 
gaseous mixture of 300 seem of WFs. 3,000 seem 
of Ha, 3,500 seem of argon, and 95 seem of DME 
is passed into the furnace for 20 minutes to provide 
-5 ]im thick tungsten/tungsten carbide coating. A 
total pressure is maintained at 40 torr during the 
coating step. The coated blades are expected to 
increase the useful life by an order of magnitude 
over uneoated ones. 



Example 5 

A number of surgical needles made of SS-420 
stainless steel were deposited with the hard coat- 
ing The needles were plated with 1-3 u.m thick 
nickel using electrolyte technique. They were then 
placed in an inductively heated graphite furnace 
inside a gas-tight quartz envelope and heated to 
~460°C in the presence of flowing argon gas. At 
the temperature a gaseous mixture of 100 seem of 
WFs, I.OOp seem of Ha, and 12,200 seem of argon 
was passed into the furnace oyer the specimens 
for 7 minutes to deposit a tungsten interlayer. After 
depositing tungsten for 7 minutes, a gaseous mix- 
ture of 300 seem of WF 6 , 3,000 seem of Ha, 3,200 
seem of argon and 95 seem of DME was passed 
into the furnace fpr 15 minutes to provide 
tungsten/tungsten carbide outer coating. A total 
pressure was maintained at 40 torr during tungsten 
as well as. tungsten/tungsten carbide coating steps. 
The needles were coated with a thin interlayer of 
: tungsten followed by the tungsten/tungsten carbide 
otrter cb^ngo^^i^rlpjr wear resistant needle was 
thus produced. . ! .. 



Example 6 



ru A number of surgical . needle? made of SS-420 
, stainless steel are deposited witfi. the hard coating. 
t The heedies are plated with 0.05 to 1, um thick 
nickel using electrolytic . or electroliess technique. 
They are^ then placed in an inductively heated 
graphite furnace, inside, a gas-tight quartz envelope 
and heated to ^460°C^i flowing 
airgon gas. At the temperature a gaseous mixture of 
300 seem of WFs. 3,000 seem of H*. 3,200 seem 
of argon and 95 seem of DME is passed into the 
furnace for 15 minutes to -."provide thin 
tungsten/tungsten carbide coating. A total pressure 
. is maintained at 40 torr during the coating step.. 

It will be seen, therefore, that the present in- 
vention increases the useful life of sharp edged 
metal structures, such as cutting tools and the like, 
made of ferrous and non-ferrous metals and alloys. 



In accordance with tfl^Phvention a hard, fine- 
grained, non-columnar tungsten carbide coating 
system having a~ substantially layered microstruc- 
' tiire is provided using a chemical vapor deposition 
s technique; The -surface or surfaces^ whiche define ; 
the sharp edge, are coated while ait the same time 
the sharp edge is maintained^ Parts used in various 
low load 'ap^piicatibns-^ such as Knives. 7 pencil sharp-' 
eneV : Blades, f surgical neediest foriTiing' tools, etc. 
io are particularly, susceptible to improvement utilizing 
the invention. > - ^.^ ■: > = = 

Various modifications of the invention jn addi- : 
tion. to those shown : arid described herein will .be- 
come apparent to those skilled in the art from the 
75 foregoing description dnd accompanying drawings. 

Such modifications are intended to fail within the 
' : scope of the appisnded claims. 



20 Claims 

1. A method for increasing the wear life of a 
sharp edged metal structure such as a cutting tool 
or the like wherein said sharp edge is defined by at 
25 . least one surface, said method comprising the 
steps of: providing a base layer of a noble, metal on 
said surface, said base layer having a thickness 
: Sufficient to protect said surface from corrosion 
during chemical vapor deposition, and chemically 
30 vapor depositing an outer coating comprising a 
mixture of tungsten arid tungsten carbide wherein 
said tungsten carbide 1 is selected from the group 
consisting of W^C, W3C and mixtures of W 2 C and 
WoC, said outer coating being fine grained, non- 
35 columnar and having a substantially layered micro-, 
structure and a thickness sufficient to confer a 
desired degree of wear resistance on said sharp 
edge.- 

.. . 2. A method according to Claim ) wherein the 
40 thickness of said base layer is between about 0.05 
microns Srib 2 micrdns, arid wherein the thickness 
of said outer coating is between about 1 micron 
and about 5 microns. 

3. A method according to Claim; ! wherein the 
45 . thickness of said outer coating is greater than the 
thickness of s^aid base layer. 

4 A method according to Claim 1 wherein an 
interlayer is deposited on sad base layer prior to 
deposition of said outer coating, said base inter- 
so layer comprising substantially pure tungsten. 

" 5. A method according to Claim 4 wherein the 
thickness of said interlayer is at least albout 30% of 
the thickness of said outer coating. 

6. A Method according to/'CIaim 1. wherein saiid 
55 nob(e metal E is' selected frdm the group consisting 
of nickel, cobalt, copper, silver, gold, platinum, pal- 
ladium, irridium, and rinixtures thereof. • ■ : 
■ 7. A method according to Claim 1 wherein said 
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base layer is deposited by 




of electrochemi- 



cal or electroless plating technique. 

8. A sharp edged metal structure comprising, a 
body having a sharp, edge forrhed therein, said 
sharp edge being defined by at least one surface s 
of said body, and a highly erosion and abrasion 
wear resistant coating system on said one surface, 

said coating system comph'sing;a/_base layer of a 
noble metal on said surface having a thickness 
sufficient to protect said surf ace,. from corrosion 10 
during chemical vapor deposition,, and an outer 
coating comprising a mixture of tungsten and tung- . 
sten carbide wherein said tungsten carbide is se- 
lected from the group consisting of .W2C, W 3 C. and 
mixtures of W 2 C and W3C, said outer coating is. 
being fine - grained, non-columnar and having , a 
substantially layered microstructure and a thick- ... 
ness sufficient to confer a desired level of abrasion 
and wear resistance to said sharp edged metal 
structure. 20 

9. A metal structure according to Claim 8 
wherein said base layer is of a thickness between 
about 0.05 microns and about 2 microns, and 
wherein said outer coating is of a thickness of 
between about 1 micron and about 5 microns. 25 

10. A metal structure according to Claim 8 
including a interiayer between said base layer and 
said outer coating sad interiayer comprising sub- 
stantially pure tungsten i having a thickness of at ., 
least about 30% of the thickness of said outer 30 
coating. 

."'S:^11.' A metal -structure according to Claim 8 
wherein said: noble metal is selected from the 
group consisting of nickel, cobalt copper, silver, . 
gold, platinum,- palladium, irridium, and . mixtures 35 
thereof. 

12. A metal structure according to Claim 8 
wherein said, interiayer is . of a thickness between 
about 0.5 microns and 5 microns. 

13. A metal structure according to Claim 8 40 
wherein said structure comprises a cutting tool, and 
wherein said sharp edge comprises a cutting edge 
defined by at least two intersecting surfaces. 

14. A metal structure . according to Claim 8 
wherein said * sharp edged metaJ . structure corn- 45 
prises a cutting tool, and wherein said sharp edge 
comprises a point defined by a substantially com- - 
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